Increasing awareness of the hazards of tyl)e E botulism, and of the phenomenon of ty-pe E toxin activation by trypsin at p)H levels around 6.0 (Duff, Wiright, and Yarinsky, 1956), and by other proteolytic enzymes (Dolman, 1953; Dolman, 1957; Sakaguchi and Tohyama, 1955) , have stimulated interest in the molecular size and character of this toxin. Previous atteml)ts to purify tyl)e E toxin have had limited success. Products of quite high potencyNwere obtained, but in no instance was it claimed that all criteria for homogeneity had been satisfied A.rnott, 1961, 1962; Gordon et al., 1957; Sakaguchi and Sakaguchi, 1959) . When purification techniques previously rep)orted from this laboratory were modified, byV substituting ammonium sulfate for ethanol as initial precipitating agent, and by using columns l)acked with acidified diethylaminoethyl (DEAE) and equilibrated with sodium acetate buffer at pH 4.5, it proved possible to isolate from filtrates of a tyl)e E strain a highly toxic component of relatively low molecular weight. This material appears to be homogeneous by both ultracentrifugal and electrol)horetic analyses.
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MiAATERIALS ANI) EIITHOI)S The bacterial strain, culture media, and the potency and nitrogen determination methods, were described l)reviously (Gerwing et al., 1961 To such columns, the concentrated toxin plreparations, which contained a)proximately 2 mg of protein per ml, were added in 5.0-ml quantities.
Elution was carried out with 0.01 M acetate buffer at pH 4.5 on a model V-10 fraction collector (Gilson AMedical Electronics, Middleton, AWis.).
The flow rate was regulated to 1.0 ml in 2 min.
The operations were carried out at room temperature.
The eluate came through the acidified columns frontally, with a sharp), well-defined peak of high toxicity, followed by a small, easily separable peak due to a nontoxic component (Fig. 1) . The toxic peak samples thus isolated were pooled and treated again with (NH4)2SO4 at 0.60 saturation.
The precipitate was allowed to form for 2 hr at 4 C, and was then centrifuged and dissolved in 5 ml of 0.01 M acetate buffer at pH 5.5. This material was dialyzed for 24 hr at 4 C against the pH 5.5 buffer and passed through DEAE, as before at pH 4.5. A single sharp peak was now observed.
Treatment of dialysis paper. All dialysis paper used in this work was boiled for 5 min in a 0.01 M solution of ethylenediaminetetraacetic acid adjusted to pH 7.0, and washed in distilled water. This treatment prevented inactivation of toxin by surface-active elements on the dialysis paper. When untreated paper was used, up to 90% of toxic activity might be destroyed during dialysis.
Physical measurements. The sedimentation coefficient was measured with a Beckman-Spinco model E analytical centrifuge, with a synthetic boundary cell. Three runs were made, each using material from a different batch of toxin, for 96 min at 259,700 X g; photographs were taken at 8-min intervals. The solution was made up to contain 1% toxic protein in 0.05 M acetate buffer at pH 4.5. The electrophoretic mobility and the diffusion coefficient were determined with a Beckman-Spinco model H electrophoresis-diffusion apparatus by use of the 1 1-ml standard cell in the same buffer. In this instance, the toxin concentration was approximately 1 mg/ml. The Raleigh integral fringe method was used in the evaluation of the diffusion coefficient (Longsworth, 1952) . Ten pictures taken over a 90-hr period were used for the calculation of this value.
RESULTS
The purified toxin had a maximal ultraviolet absorption at 277 m,u, and the extinction was 8.4 per mg of N2. The total recovery of toxin was approximately 55%. The material yielded by the pooled toxic peak samples contained 7.5 X 106 mouse MLD per mg of N2.
In an analytical ultracentrifuge, a sharp peak was observed, with a sedimentation coefficient of S20, w= 1.70S. Virtually all the protein was contained within this boundary. However, an outline of a rapidly sedimenting component was also observed. The sharp symmetrical major peak suggested that the toxin was essentially homogeneous with respect to molecular size (Fig. 2) . The electrophoretic pattern resulted in a single major peak migrating with an electrophoretic mobility of +5.66 X 10-5 cm2 per v per sec (Fig.  3) . A small, rapidly disappearing peak was observed both at the ascending and descending boundary.
The diffusion coefficient was determined on the same solution after sharpening the boundary, a value of D20,, = 8.87 X 10-7 cm2/sec being obtained. The molecular weight was calculated using the accepted formula M-RTS20,, wherein I11 is the molecular weight, R the gas constant, T the absolute temperature, S20o, the sedimentation coefficient at 20C in distilled water, V the partial specific volume which was taken as 0.75, p the solvent density, and D20 the The electrophoretic and ultracentrifugal analyses of the material showed the presence of a single major homogeneous component giving a typical Gaussian distribution in the Schlieren optical systems used. However, in both cases a small percentage of apparent impurities was noted. In an ultracentrifuge, this took the form of a rapidly sedimenting small shoulder which appeared 16 min after full speed was attained. This may have been due to small amounts of either aggregated material or impurities. The small immobile peak seen in the electrophoretic analysis may have been due to protein-buffer interactions, or again to traces of impurities. Apart from these minor reservations, it may be claimed that the methods described permitted the isolation of a toxic component from filtrates of Clostridium botulinum type E which fulfilled the criteria for purity upon ultracentrifugal and electrophoretic analyses. Incidentally, studies on this material by use of high-voltage paper electrophoresis did not demonstrate these traces of apparent impurities, but showed a single migrating band at both pH 4.5 and 7.0.
It would appear that type E botulinus toxin is a relatively small protein molecule, with a molecular weight much lower than those reported previously for type A and B toxins (Kegeles, 1946; Lamanna and Glassman, 1947; Lamanna, McElroy, and Eklund, 1946; Sharp, 1946, 1948; Wagman, 1954) . In an earlier report (Gerwing et al., 1962) , a partially purified sample of type E toxin, having a potency of 6.0 X 105 MLD per mg of N2, formed a boundary in an ultracentrifuge with a sedimentation constant of S20o, = 5.6S. The discrepancy between that finding and the currently reported constant of 1.7 for a product of considerably higher potency (7.5 X 106 MLD per mg of N2) could be due to the former use of ethanol as precipitating agent, which possibly induced some degree of molecular degradation and aggregation. Moreover, lyophilization of the partially purified toxic materials in our earlier work introduced another factor which is well known to cause partial denaturation of certain proteins. Similar considerations may apply to some of the earlier reports on the molecular weight of type A and B toxins, especially to the very high values attributed to type A toxin. Indeed, Wagman and Bateman (1951) and Wagman (1954) 
